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Abstract

European countries plan to boost their defence capabilities to deter external
security threats. This implies a substantial change in the volume and
composition of fiscal expenditure, as well as the structure of the industrial
base. We analyse the macroeconomic implications of alternative policy
choices to boost national security. We augment a global dynamic general
equilibrium model to include a public good role for defence capabilities, a
defence industry with R&D externalities, trade in military equipment, and
public investment in dual-use goods. We show that rising security concerns
can reduce all forms of economic activity. Enhancing defence capabilities
mitigates this effect and boosts aggregate output (GDP) through increased
defence industry production and government value added. However, this
reorientation leads to a permanent crowding out of private consumption and
a minimal effect on CPI inflation, unless the shock is temporary.
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Non-technical summary

Members of the NATO alliance, including many European countries, have agreed to
a large permanent increase in defence spending targets. The scale and scope of this
expenditure increase are unprecedented. In this paper, we analyse the macroeconomic
implications of the expenditure types involved in meeting the new targets. We augment
a state-of-the-art global model to provide a clear connection between defence spending,
military capabilities and effective deterrence from external security risks. Greater
expenditure on military equipment, personnel and dual-use infrastructure (e.g. sonar
technology) boosts defence capabilities and increases deterrence.

When deterrence is sufficiently high, security risks play no role whatsoever in
economic decision making (specifically, spending and investment decisions). However,
if the level of deterrence falls, either due to a rise in external security risks or due
to a fall in defence capabilities, security concerns play a role in these decisions. This
effect is non-linear; the further deterrence is from the desired level, the more it affects
behaviour. There is also an important asymmetry in the impact of defence expenditure;
defence capabilities above the required level of deterrence provide very little additional
benefit. To capture international interdependencies in security provision, we assume
that European deterrence is the sum of own capabilities as well as those of the US.
This allows us to analyse changes in the share of deterrence provided - for example, a
reduction in the US share being offset by an increase in the European share.

We analyse a gradual (over ten years) but permanent increase in government
defence spending consistent with the NATO-agreed targets. This amounts to an annual
expenditure of 5% of GDP, of which 3.5% is defence-specific and the remaining 1.5% is
on dual-use goods and services. Given the current levels of European defence spending,
this amounts to a permanent increase of slightly more than 1% of GDP of spending
on equipment, a double-digit percentage increase in the number of military personnel,
and a 0.9% of GDP increase in dual-use investment. Domestic production of military
equipment leads to knowledge spillovers from defence R&D activity to other sectors of
the economy. Dual-use investment boosts the public capital stock, reducing costs and
boosting productivity of private firms who can utilise this infrastructure. An important
assumption underlying our analysis is that these policy changes are fully credible (i.e. the
spending increases is truly permanent, and implementation occurs as planned).

We find that government spending on defence-related items boosts GDP in the short
and in the long run, regardless of the spending component increased. This increase in
output is often an artifact of the way this type of spending is recorded in the national
accounts. This issue is especially acute for the case of an increase in military personnel.
In all cases, there is a crowding out of private consumption, and households, who are now
poorer, increase their labour supply (i.e. the number of hours they are willing to work).
Despite this, the reallocation of resources facilitates mostly the production of goods
and services that only governments can purchase (and households cannot consume).
Although this expenditure reorientation increases prices in the economy (i.e. the GDP
deflator), it does not lead to an increase in CPl inflation, as these goods are not consumed
by households. If the spending increase is temporary, however, there is a persistent
increase in CPl inflation and the GDP deflator.

Given the different implications for inflation, we examine in detail the main
differences between permanent and temporary shocks. Private consumption and
investment fall on impact when defence spending increases are temporary due to



households’ desire to smooth deviations from the current level of consumption. This
implies an increase in the return on capital. Since this makes up part of firms’ marginal
costs, there is a rise in inflation as firms raise prices to pass through cost increases. In
contrast, a permanent shock implies a new, lower, level for private consumption. Instead
of smoothing this fall, households decide to supply more labour to boost their income.
They also reallocate a larger share of their resources to investment, a higher level of
which is now required to match the long-run increase in labour in production. This
reduces the return on capital, and therefore marginal costs and inflation.

The results described above are qualitatively robust to a range of assumed values
for the size of defence R&D spillovers and the productivity of dual-use investment.
Quantitatively, a stronger role for these channels somewhat mitigates the negative
effects of defence spending on private consumption.



1 Introduction

Russia’s invasion of Ukraine has prompted a re-assessment of European defence
capabilities necessary to serve as an effective deterrent to security threats. At the same
time, the United States have pushed for greater burden sharing of deterrence provision.
NATO alliance members have committed to a substantial increase in “core defence
requirements and defence- and security-related spending” (NATO, 2025). Achieving an
annual target of 5% of GDP by 2035 will have significant macroeconomic implications,
even if there is a phased approach to meeting this goal.’

While the high-level aims are clear, there are scant details regarding implementation
plans. How will militaries increase the number of available personnel? Through
competitive wages, or through conscription? How much of the increased expenditure on
equipment and dual-use goods will boost infrastructure and R&D activities? Given that
only a limited number of countries have meaningful defence industries, where will these
goods be produced? How should governments finance this additional expenditure? And
why do defence capabilities affect economic behaviour??

We examine some of these issues, focusing on the euro area, by adding several
novel features to an otherwise standard global dynamic general equilibrium model. We
motivate a need for defence capabilities to serve as a deterrent to external security
threats. We argue that a sufficient level of deterrence, which we define later, facilitates
a smooth functioning of economic activity. In this case, external threats play no role in
decision making. However, if defence capabilities are lower than required, an increased
probability of damage to the existing and future capital stock in the event of an armed
conflict reduces incentives to invest.

A combination of expenditure on military equipment, personnel, and dual-use
goods determines the size of the defence capability of a country (and therefore the
effectiveness of the deterrent).® Importantly, in the euro area, the size of the deterrence
is a combination of the regions’ and the US’ defence capabilities. This feature allows us
to capture international interdependencies in security provision, such as amongst NATO
members.

A defence sector, utilising domestic labour and (private and public) capital produces
defence equipment (e.g. arms). Military equipment is tradable, but only purchasable by
governments. Defence firms have some market power due to the differentiated nature
of their products, and therefore are able to set prices for their goods in domestic and
foreign markets. The production of military equipment generates an R&D externality
that potentially benefits the other sectors of the economy. Crucially, this externality
is linked to the (domestic) production of military equipment and does not apply to
expenditure on arms imports.

Members are to allocate 3.5% of GDP to an “agreed definition” of defence expenditure,
and the remaining 1.5% of GDP to “protect critical infrastructure, defend networks, ensure civil
preparedness and resilience, innovate, and strengthen the defence industrial base.” They are also
to submit annual plans to NATO showing a “credible, incremental path” to reaching this target.

2See llzetzki (2025) for a comprehensive discussion of the economics of defence buildups.

SAlthough increased expenditure does not automatically translate into greater military
capability (Antonova et al., 2025), our assumption mimics NATO “capability” targets that focus
on defence expenditure to GDP ratios. Given the difficulty in mapping defence “inputs” into
“outputs” (Hartley and Solomon, 2015), we believe this is a reasonable approach.



Governments can invest in dual-use goods. The stock of such goods is available to all
sectors of the economy, which generates a small, but positive externality in production.
Unlike for defence equipment, the externality from dual-use goods depends on the
location of expenditure rather than the location of production. Finally, governments also
decide on the size of the military personnel that depends on either hiring professional
soldiers or via conscription. We distinguish between these two cases through the wages
they receive: professional soldiers receive the average wage of the economy, while
conscripts only receive a subsistence payment.

We simulate the dynamic response to an increase in euro area of (i) military
equipment, (ii) military personnel, and (iii) dual-use investment required to fulfill NATO
targets. We provide a careful calibration of the model, with one novel feature being an
extension of work conducted by the Stockholm International Peace Research Institute to
provide a time series of trade in military equipment for the period 2001-2020 in financial
rather than unit terms. This allows us to assess the extent of bilateral arms trade flows,
which are crucial in governing the dynamic response of the model.

We find that a decrease in deterrence, induced by a reduction in the US contribution
to European defence capabilities, leads to adrop in all forms of economic activity. Output
(in all sectors), consumption, investment, imports and exports all decline, dragging down
wages and inflation.

A permanent increase in defence equipment spending in Europe significantly
enhances military capabilities. This change boosts aggregate output (GDP) through
both the depreciation of the growing equipment stock and increased defence industry
output, necessitating a reallocation of resources from other sectors. In the long run, the
accumulation of R&D from arms production drives further output growth. Inflation falls
initially due to an exchange rate appreciation, but later rises due to wage increases. This
effect, however, is somewhat attenuated by the positive effect on supply capacity from
the increase in R&D.

An increase in military personnel through professional recruitment leads to greater
government value added and a boost in defence capability. However, this increase
results in a long-term decline in private sector output due to labour shortages, pushing
up wages and reducing productive capacity. While inflation may fall slightly in the short
run due to exchange rate appreciation, the GDP deflator rises in the long run due to
increased government spending on military wages.

A permanent increase in investment in dual-use goods, a key component of the new
NATO expenditure targets, provides only a minor boost to defence capabilities. This
positive impact arises from increased productivity in the defence industry, leading to
a rise in output with minimal inflationary costs. While consumption decreases, the
decline is less severe compared to investments solely in defence equipment, and private
investment increases significantly due to the broader applicability of capital from dual-
use investments. Wages rise as more public capital accumulates, and the R&D stock
increases due to positive spillovers from defence sector production. Although inflation
initially falls due to an exchange rate appreciation and lower import prices, it remains
stable in the long run due to the benefits of increased public capital and R&D. This
increased activity leads to a mild rise in the GDP deflator.

Literature Our study sits within the burgeoning field of geoeconomics (Mohr and
Trebesch, 2025), in particular the analysis of the effects of geopolitical risk on the
macroeconomy (Caldara and lacoviello, 2022). This literature has thus far focused



on empirical estimates of changes in the degree of geopolitical risk (as proxied by
constructed indices, for example).

Our analysis, instead, focuses on examining alternative policy choices to enhancing
defence capabilities in a structural macroeconomic model. In that sense, it is related
to a specific form of geopolitical risk: the need to deter external security threats
and reduce the possibility of a potentially very costly war (see Federle et al. (2026)).
Ramey and Shapiro (1998) explore factor reallocation, calibrated to changes in defence
spending during the Korean War, with costs for capital movement. They find that
consumption, wages and manufacturing productivity fall in response to a military build
up. Hendrickson et al. (2018) develop a model where capital accumulation creates
a defence externality, whereby countries must deterrence costs are increasing in
wealth. This mechanism gives rise to a positive long-run relationship between military
expenditure and private production.

Torres (2020) finds, using a DSGE model calibrated to the US, that private
consumption and defence services are complements. Adema et al. (2024) utilises an
OLG model to analyse various scenarios for implementing conscription in Germany, and
find that it reduces private consumption. This fall is largely from the reduced wages
of conscripts. Valaitis and Villa (2025) develop a framework wherein a central planner
can endogenously mitigate the risk of a disaster, and the damage if does occur, by
preemptively investing in defence capital stock to provide a deterrence.

The starting point of our analysis is a reduction in the share of European deterrence
provided by the US. In this sense, our work relates to the recent literature on the
role of hegemons in the global economy. For example, Clayton et al. (2023) note
that countries seek to use their strength to coerce partners and help them achieve
geopolitical or economic goals. Broner et al. (2025) show that hegemons promote policy
alignment and that this facilitates deeper trade integration. Meanwhile, Pflueger and
Yared (2024) explore the role government financing in providing an military advantage
over a geopolitical rival.

The framework we use accounts for the fact that government spending is not on
homogeneous goods, but rather on a number of different goods produced by different
sectors (Cox et al., 2024). This implies different aggregate economic effects depending
on the composition of spending and resulting changes in relative prices. This is in line
with the work of Antonova et al. (2025), who demonstrate the importance of persistence
in military spending as a signal of sustained future demand. This encourages firms to
undertake investments and capital reallocations that might otherwise seem too costly in
the short term. However, by raising prices in anticipation, it reduces the macroeconomic
benefits on impact.

Our paper also relates to the more broad literature on the economic effects of
directed technical change (Acemoglu, 2002) and externalities from knowledge spillovers
(Romer, 1986; Lucas, 1988). Benigno and Fornaro (2018) and Anzoategui et al. (2019),
for example, show that demand-induced investments can lead to medium- to long-
term productivity gains. llzetzki (2024) uses aircraft production during the second
world war as a case study for “learning by neccesity”. Leeper et al. (2010) demonstrate
the importance of public capital productivity in the macroeconomic effects of a fiscal
stimulus, with Antolin-Diaz and Surico (2025) noting the particular importance of
military spending that shifts the composition of public expenditure toward R&D.

Overall, our paper attempts to provide a framework for a more structural analysis
of increasing European defence capabilities, that captures the unique features of this



type of economic activity. The outline of the paper is as follows. Section 2 provides an
overview of the model and the novel features we introduce related to defence. Section
3 provides details on the calibration of the model and we present the results of our
simulations of permanent shocks in Section 4 and contrast them to temporary shocks
in Section 5. We provide some concluding remarks in Section 6.

2 Model

To model the various channels through which the government spending on defence
affects the economy, we start from a standard New Keynesian global multi-country open
economy model that is used in anumber of central banks in the Eurosystem, and augment
it with the additional features that capture the main channels of defence production,
spending, and trade. The model we extend is called the EAGLE (Euro Area and the
GLobal Economy, see Gomes et al. (2012)), a global dynamic general equilibrium model
of the euro area and the global economy, and we extend it in several dimensions. First,
we augment the model to include a defence industry distinct from the traded and non-
traded sectors.* This sector produces military equipment, or arms, which is a tradable
good that is purchased by governments only. This has an important implication that
the price of these goods does not directly affect the consumer price index (on which
monetary policy is based), so that the central bank does not react to price increases in
defence industry.

Second, defence equipment production creates an R&D externality which affects
all other sectors of the economy. This externality depends on the current and past
production of military equipment and is accumulated (and decumulated) gradually, so it
has a long-lasting effects, consistent with the findings in Antolin-Diaz and Surico (2025).
Third, we add military personnel, which can be either conscripted or employed at a
competitive wage. In both cases, this implies a reduction in the labour force available to
the private sector, and therefore creates labour shortages that tend to increase wages
in the economy. Fourth, we add “dual-use” investment, modelled as public investment,
but with a relatively low productivity to account for the fact that this is not necessarily
public investment that is strictly needed for the private sector. Nevertheless, this
investment boosts public capital, which has also a positive externality on all private
sectors, including the defence industry and its associated externality. This interaction
is important especially over longer time horizons. Finally, we model a “deterrent” as the
number of military personnel combined with the stock of military equipment and dual-
use goods, which boost national security by deterring foreign aggression. We discuss
each of these novel additions in more detail below.

The remainder of the model is a standard New Keynesian model with sticky prices
and wages. Of the four regions in the world economy, two (Germany and the rest of the
euro area) constitute a monetary union. This means that they share the same nominal
interest and exchange rates, determined by area-wide aggregates. The structure of each
regional economy is symmetric and linked with each other through bilateral trade and

“More specifically, we build upon a version of the model that contains a non-zero import
content of exports (Brzoza-Brzezina et al., 2014) and an extended government sector (Clancy
et al., 2016). To save space, we provide only a brief overview of the main features of the EAGLE
and instead focus on the addition of the defence industry. We refer the reader to Gomes et al.
(2012) for details on the original model framework.
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participation in international financial markets, facilitating a comprehensive treatment
of the macroeconomic interdependences and spillovers.

Two types of households populate each region, differentiated by their ability to
participate in asset markets. Ricardian (I-type) households may transfer their wealth
intertemporally by holding money, trading bonds and accumulating physical capital.
However, the remaining (J-type) households are liquidity constrained and so are hand-
to-mouth consumers (i.e. they spend all of their disposable income). We assume that
labour markets are monopolistically competitive, and thereby households act as wage
setters for the differentiated labour service they supply to firms. This market power
allows for the introduction of nominal rigidities in the labour market. We model wage
rigidities using the Calvo (1983) framework, with wages for those households who
cannot reoptimise during a given period augmented with an indexation scheme that links
changes in pay to past and steady-state consumer price inflation.

There are two layers to the goods market. An intermediate sector produces both
tradable, nontradable and defence goods. Monopolistically competitive firms produce
these goods, using labour and capital services supplied by households. They set prices
for their differentiated output according to the Calvo-type scheme with indexation.
Tradable intermediate goods are subject to international trade, with export prices
denominated in the importing country’s currency (i.e. we assume local currency pricing),
and we assume the same framework for defence goods (i.e., local currency pricing). A
final goods sector contains perfectly competitive firms who aggregate different varieties
of domestic nontradable, tradable, imported and defence goods. The aggregation of
imports into a homogeneous import good is subject to adjustment costs, in order to
replicate the stickiness of a region’s international trade linkages.

The fiscal authority (government) generates revenue through the imposition of both
distortionary and lump-sum taxes, as well as seigniorage earned on outstanding money
holdings. They use these funds to purchase final goods, including military equipment
and dual-use goods, and make transfer payments to households (including salaries of
military personnel). The two types of households experience an uneven distribution of
transfers and lump-sum taxes, with those having full access to asset markets receiving
less and paying more in per-capita terms. Any increase in the fiscal deficit leads to a
rise in the stock of government bonds, with a long-term target debt level achieved via
a smooth adjustment in lump-sum taxes. The home and the REA blocs share a monetary
authority (central bank) reflecting their status as members of a common currency area,
with the two remaining regions having separate monetary authorities. All regions follow
a Taylor-type interest rate feedback rule, which is specified in terms of deviations of
consumer price inflation and output from their target (i.e. steady state) levels and allows
for interest rate smoothing.

2.1 Deterrence from defence capabilities

We proxy the amount of deterrence D, provided by governments with their expenditure
on defence capabilities, a composite of dual-use goods, military equipment and
personnel:®

>This is in line with NATO capability targets, which focus on defence expenditure to GDP
ratios. However, llzetzki (2025) notes that this is “economically problematic”. Antonova et al.
(2025) find that an increase expenditure does not automatically translate into greater military



Dy = K&GERRP Ny PP (1)

where K, is the dual-use capital stock, £, is the stock of military equipment:

Epy=(1-6g)Epi—1+Gpyj (2)

Ny is military personnel (described later) and o and app are the share of deterrence
provided by the dual-use capital and defence equipment stocks respectively. Given that
delivery of arms is often subject to relatively long delays (Burilkov et al., 2025), we allow
for time-to-build in the military equipment accumulation process. We measure this with
the index j in Gp,_;, which tells us how many quarters it takes to receive delivery of a
paid unit of equipment.

One important characteristic of defence capability is that it is only a potential service
provided by the government. Therefore, the provided service does not count towards
GDP. Only the cost components, the total wage bill of military personnel, Gy, and
the depreciation of defence equipment, 6z Ep;_1, enter the national accounts (as gross
value added of the government sector). As the production of defence capabilities
directs resources away from private uses, there must be a motivation for incurring such
expenses.

We argue that a sufficient level of defence capabilities serve as a deterrent to
external security threats. By maintaining deterrence at its desired level, the government
facilitates a smooth functioning of economic activity and security risks play no role in
decision making. However, if defence capabilities are lower than required, security
concerns can impact household’s investment decisions. The size of this effect is non-
linear, with households adjusting their behaviour more rapidly the further defence
capabilities fall from their expected level. We incorporate this feature using an
exponential function in the deviation of D, from D,,,;,,, the minimum level of deterrence
required to avoid security concerns.® We next describe how we operationalise this
channel in the model to affect investment.

Before doing so, it is worth emphasising that our model setup focuses entirely on
the economic implications of maintaining a sufficient level of deterrence to mitigate
external security risks. We do not consider an escalation beyond this to a state of
war. This would involve introducing many additional (and non-standard) features to
our framework. These include goods rationing and price controls, as well as import and
export restrictions.

Our approach comes with an implicit downside bias, in the sense that the “reward”
for maintaining a sufficient level of deterrence whereas letting this fall below the
required level results in worsening economic activity. Essentially, defence capabilities

capability, as additional funds lead to rising prices rather than augmented defence capacity.
Federle et al. (2024), in contrast, provide empirical evidence that a surge in military spending
following an increase in government revenues greatly boosts a participants’ odds of winning a
war.

This is similar in spirit to Erceg et al. (2024)’s approach of proxying state dependent price
and wage setting using a function of the geometric lag of past inflation rates. The asymmetric
nature of our function, whereby behaviour is only affected by deviations below the desired level of
deterrence, is similar to those used for the analysis of bank capital regulation (Clancy and Merola,
2017; Lozej et al., 2023).



are developed in the hope that they are never actually required. As such, the resources
allocated to defence represent a form of insurance that, in our case, is not called upon.

2.1.1 Security and private investment

We assume that with insufficient defence capabilities, there is a chance that part of
the existing and future (private) capital stock is damaged by an attack and therefore
produces less than anticipated. The capital accumulation equation becomes:

Kipn=[1-90)K,+ 1 —=T14) 1] b1, (3)

where K, is the current stock of capital, I';, are investment adjustment costs, I, is
investment, and § is the capital depreciation rate.” What is new in our setup is ¢; ¢, which
is the probability that next period’s capital stock is unaffected by an attack (i.e. is not
damaged), and is defined as:

Gre =Py (¢W + wlDtCO) ) (4)

where @, is the normal cumulative density function, DE© are the country CO’s defence
capabilities, and ¢y is the parameter that regulates the steady-state level of the damage
probability and ¢; regulates the intensity of response to the change in the defence
capabilities.®

Given the properties of the cumulative density function, its derivative is very close
to zero when defence capabilities are sufficient and ¢, is close to one. In this case,
even a significant increase in defence capabilities does not bring additional benefits in
terms of greater security for the accumulated capital. However, a material reduction in
defence capabilities would reduce ¢;; to below one and would bring it to the region of
the function @, , (.) where fluctuations in defence capabilities in either direction matter.

We provide a graphical illustration of this concept in Figure 1. The y-axis represents
o1+ and the x-axis represents the level of deterrence. We calibrate ¢y, such that ¢, , is
very close to 1 in the steady state, represented by point A. This implies that deterrence
is sufficiently high and security concerns are not a factor in investment decisions. It also
shows that a rise in deterrence over and beyond the desired amount will not have any
effect on behaviour. A fall in deterrence, due to a reduction in US provision of defence
capabilities for example, would see a movement down the curve towards point B.” It is
clear that, when deterrence is near its desired value, a reduction does not have a very
large effect on the probability of the capital stock incurring damage. It is only when the
gap to desired deterrence becomes large(r) that further changes imply a need to factor
security risks into investment decisions.

’The investment adjustment cost function I'r, takes the standard quadratic form: I';; =
v1/2(1;/I;—1 — 1)?,where ~; is a parameter.

8Note that the model nests the standard approachi.e., when o1+ = 1,the capital accumulation
equation is identical to models such as Smets and Wouters (2007).

?An increase in the defence capabilities in the rest of the world would result in a shift of this
curve to the right. Assuming no change in European defence capabilities, this would essentially
result in the same effect as a downward movement along the curve: a rise in security concerns
due to an insufficient level of deterrence.

10



FIGURE 1. Effect of level of deterrence on investment decisions
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A I?
Pry= o1, |Quzre(1 = Try = T7,0) + B /(’HthHZI,tHFILth[—H ) (5)
It t

where P;; is the price of investment goods (measured in terms of consumption goods),
Q: is Tobin’s q (detailed below), I';; and I}, are investment adjustment costs and its
derivative, respectively, z;, is an investment technology shock, and A;; is the marginal
utility of Ricardian households (who own capital assets in the economy). The first-order
condition for capital is:

Q= 5AX;:1 [01641(1 = 0)Qu1 + (L4 75 (Ric 1t — TutPras1) + 751 Presa] , (6)
where thjl is the capital income tax, u; is capital utilisation rate, and I',, ; is the capital
utilisation rate adjustment cost.'®

A similar modelling device as above could be used to analyse the effects of potential
complementarity of publicly-provided defence good and private consumption, but this
would unnecessarily add further complexity to the model (while the earlier version of
the paper had this feature, the channel was relatively weak compared to the investment
channel described above).!!

10The utilisation adjustment cost is also quadratic, Ty s = Yu1 (ur — 1) + Yu2/2(us — 1)%, where
Yu1 and 7,2 are parameters.

1 The modelling approach used was similar as in Clancy et al. (2016), where consumption in
the utility function is a constant-elasticity of substitution aggregate of private consumption and
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2.2 Government spending

We assume government spending on defence is exogenous (i.e., it is a decision of the
government). The government can use its funds to purchase defence equipment, hire
military personnel, or invest in dual-use goods. In all cases, the government finances
its spending by issuing debt, with a fiscal rule specified in terms of lump-sum taxes
on Ricardian households. We outline the government spending options in more detail
below. In all other respects, the government budget constraint is standard: it collects
consumption, labour and capital taxes, issues a riskless bond, and spends - in addition to
the aforementioned defence spending - on other non-defence government consumption
(see e.g. Gomes et al. (2012)).%?

2.2.1 Defence equipment production

The domestic production of tradable military equipment utilises private and public
capital as well as private labour:*®

Y5, = 2p KeG (KD )P (N )2 —p (7)

where, ngt is defence sector output, zp, is the level of productivity, a; determines the
productivity of public capital K¢ 4, Kg’t is rented private capital, Ngt is hired private
labour, «p is the capital share in the defence sector and ), represents sector-specific
fixed costs of production.

There are two externalities in this formulation. The first, consistent with the
empirical findings of Antolin-Diaz and Surico (2025), captures the positive R&D
spillovers from defence good production on other industries.'* We formalise this notion
by directly linking the level of defence equipment production to the productivity of the
aggregate economy. One can think of this as a form of “learning by necessity” (llzetzki,
2024), whereby an increase in demand beyond existing capacity constraints induces

government-provided deterrence, with the modification that the weight of the deterrence in the
aggregate increases when deterrence falls. The results are available upon request.

12\We do not model government spending for various purposes as an optimal choice subject to
a welfare function.

13We assume all defence goods are tradable and are only purchased by governments. We
therefore neglect equipment production for potential purchase by private security companies or
individuals. This share is very small compared to defence equipment purchased by governments.
Eventhough there are likely some military goods that are so advanced that the producing country
would not be willing to sell them, these are in principle tradable.

4In contrast, Fieldhouse and Mertens (2023) argue that knowledge spillovers from defence
and nondefence R&D are likely quite different. They reason that access to knowledge gained
from military R&D work is often restricted from the public to maintain military superiority,
thereby limiting spillovers. Therefore, they focus their analysis on non-defence R&D expenditure.
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productivity growth.”> Concretely, we assume that the stock of R&D stemming from
defence equipment production evolves according to a law of motion:

Api=(1—=04)Api—1+ (YD t—n, (8)

where Ap; is the accumulated know-how in defence production that depreciates (i.e.
becomes obsolete) at the rate §, and increases proportional to the level of the defence
sector production by a fraction (p. This latter term reflects the fact that only a small
fraction of production is linked to R&D activities. Moreover, we allow for a delay of
h periods before knowledge generated from R&D spills over to other sectors of the
economy. Therefore, the accumulated knowledge creates a positive externality zp ;:

2y = AP, (9)

where 7 is a parameter that measures the efficiency of knowledge transmission arising
from the defence equipment production externality in the traded (Yﬁt) and non-traded
(Yyr,) sectors:

Yqézt = ZD,tK(a;ﬁ(KT,t)aT(NT,t)l_aT — 7 (10)
Y1§T,t = ZD,tKg%T<KNT,t)aNT(NNT,t)liaNT — YN (11)
This formulation is convenient because setting v, = 0 allows us to shut down this

externality without altering the model in any other way. Our approach has parallelsinthe
way (negative) externalities are modelled in the economics of climate change literature
(Golosov et al., 2014; Nordhaus, 2019; Hassler et al., 2021).

The second externality is an enhancement to private defence firms productivity
from the (free) use of public capital stock, accumulated via government investment
expenditure. This channel is similar to the knowledge spillovers from R&D activities
discussed above. However, a crucial difference is that this externality depends on
domestic expenditure rather than production. Our inclusion of this mechanism reflects
the substantial proportion of NATO expenditure targets focused on products that
have both civilian and military uses (i.e. have a “dual-use”). For example, maritime
surveillance technologies are useful for national defence, but also search and rescue,
environmental protection (e.g. monitoring oil spills and pollution), fisheries management
(including tracking illegal fishing activities), and vessel traffic management that could
lower transport costs. More broadly, all critical infrastructure such as roads, ports,
bridges, railway and energy networks fall within this category.

Note that both externalities reduce marginal costs for firms in all sectors of the
economy. We illustrate this for defence firms (all other sectors are symmetric and
marginal costs are equalised throughout the different parts of the economy):

>We consider this a plausible channel for Europe at this current juncture. Although
the empirical evidence in Antolin-Diaz and Surico (2025) relates to the US, which has a
far more established defence industry, the need to rapidly establish and sustain a credible
European defence deterrence may induce the widespread adoption (and ongoing development)
of advanced technologies. See Enders et al. (2025) for an assessment of the priorities for a
German and European defence policy strategy for the coming decades, with an emphasis on
cutting-edge technology requirements. More generally, it is widely recognised that boosting
Europe’s growth potential requires substantial investment in advanced technologies (Draghi,
2024).
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where the parameter Tth accounts for labour taxes paid by defence firms, W, are wages
and R/* is the rental cost of capital. Both zp, and K¢ enter in the denominator, so an
increase in either component lowers the marginal costs of defence firms M Cp ;.

These two externalities differ in a crucial way: one depends on the knowledge gained
from production, while the other is a function of expenditure. As such, while there
is no additional benefit from importing military equipment (because the knowledge
generated from the research and development of the underlying technology remains
abroad), imported dual-use goods can generate positive externalities for the domestic
economy.

Different varieties of defence goods are imperfect substitutes, produced under
monopolistic competition. This market power allows firms to set nominal prices in both
domestic and foreign markets, with a markup over marginal costs. Only a fraction of
firms are able to reoptimise their prices ]—Z’D,t by maximising the discounted sum of their
expected nominal profits:*

[e.9]

PD,t = Z(&))k/\[,t,Hk(Pt+k(7l)YD,t+k(n) — MCpatk(Ypik(n) +¢p)) (13)
k=0

taking as given demand for their goods (outlined below) and where 1 — &p (with 0 <
¢p < 1) is the probability a firm n can reoptimise in a given period and A, is the
stochastic discount factor of I-type households, who own defence firms. Firms that
cannot reoptimise adjust their prices according to an inflation-based indexation scheme:

Pp(n) = (Tlp 1 )XPTIXP Py 4 (n) (14)

wherellp; | = Pp; 1/Pp.+ 2, Xp is the degree of indexation and I is the central bank’s

constant (gross) inflation objective. Sector-specific price indices, therefore, evolve
according to:

o oy L \1-6p] T

PD,t = £D (HD?t—ln XDPD,t—l) + (1 — fD) <PD,t> (15)

where 0p is the elasticity of substitution in the price aggregator.

2.2.2 Defence equipment purchases

We assume only governments can purchase military equipment. They buy these goods
from firms that act under perfect competition and assemble final defence equipment
bundles Q? that are a composite of domestic tradable HT? and imported 7M?
defence equipment using a constant elasticity of substitution (CES) technology:

1%Pricing in foreign markets is analogous, apart from the inclusion of the relevant bilateral
nominal exchange rate to express prices in exporters’ domestic currency. We therefore omit
these equations to save space.
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where v, is the (quasi)-share of the domestically produced military equipment (i.e.
the degree of home bias), and ¢, is the elasticity of substitution between domestic
and imported defence goods. Government demand for domestic military equipment is
therefore:

P —HGp
HTE? = v, (PET’Z) QEr. (17)
D

where Py, is the price of tradable goods and F,, ; is the price of final defence goods.
Imports of defence equipment consist of a bundle of (bilateral) imports, IMtGD’CO,
produced in the other blocs:

KMGp
MMGD1] BMGp 1

IMtGD _ [ Z (Vﬁgo> uMcD (IMGD co) HMGp
CO+H

(18)

where the bilateral trade shares yﬁ’gg sum to one and demand for defence good imports

frombloc CO'is

Gp,CO weo [ Poay \ P L a
IMyP"" = vyjon (P ’ ) IM;P. (19)
IMGp.t

The superscript H indicates the home country and the superscript CO represents
the bloc from which the defence good is imported. Again, uy ¢, is the elasticity of
substitution between them, P;,;; is the price of imported goods and Py, is the
price of defence good imports. We assume that, in the long run, the firm bundling
final defence goods allocate their expenditure optimally between defence goods from
different regions. They take their relative prices as given, and minimise their expenditure
Po, HTEP 4 Pg, I MSP subject to the production functions (16) and (18). Prices of the
final, Py, +, and imported defence goods, Py, +, respectively, are:

1

Pyt = [Wap(Paraps)' ™7 + (1 —va,)(Pruey,)' Hop] ' on (20)
1
HCO CO 1—p I-bpmap
MG
Prycpe = 2::VMGD Phze) Y , (21)
CO#H

where Pﬁ\ﬁt is the price of imports from bloc CO and the bilateral exchange rate is
contained in the bilateral import prices.

We treat the parameters v, and VMg, @S fixed. This implies that the share of
imported defence goods and the bilateral allocation of these is governed exclusively
by relative prices. In reality, this may not be the case. Governments often decide to
purchase defence goods from a particular country, and indeed this feature is embedded
in recent agreements amongst NATO member states, as well as the EU-US trade
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framework (NATO, 2025). However, these shares were quite stable over the past 20
years (see Appendix B) and so we treat these parameters as constant.'’

Government purchases of defence equipment are set as a fraction of nominal steady-
state output, which follows an AR(1) process:

Gpy = (1- pp)Gp + ppGpi—j + €Dy, (22)

where G, is the steady-state level of defence equipment purchases, ¢ ; is a shock to
its level, and pp, is the persistence of this spending. Market clearing for defence good
purchases requires:

Gpy = QFP (23)

and a resource constraint for supply to equal total demand, which can come from the
domestic economy or from abroad:

Sco
Y5, = sap T + § sxag?ts IMEPCO, (24)
CO#Home Home

where sap; and sza$9 are price dispersions on domestic and foreign markets,

respectively, sgome 1S the size of the domestic economy and sco are the sizes of other
blocs, and IMtGD’CO are imports by other blocs from the home country.

2.2.3 Defence personnel recruitment

National security is characterised by a high degree of capital-labour complementarity:
defence equipment is ineffective as a deterrent without (well-trained) personnel to
utilise it. We therefore include in the model a stock of defence personnel NM,t. Note
that these are distinct from employees in private defence firms Np ;.

Governments also decide on the wage bill for military personnel, with the size of
their defence forces increased by hiring professional soldiers or via conscription. We
distinguish between these two cases by the wages they receive: professional soldiers
Ny, receive the (competitive) average wage of the economy w;, increased by social
security contributions (1 + 7V¥") paid by the government, plus (potentially) a wage
premium (1 + wpr;), while conscripts N, . only receive a fraction ¢ of this as a
subsistence payment.’® This results in total military personnel and a military wage bill,
respectively, of:

7To account for the shifts in government defence equipment imports, we could examine the
implications of allowing governments to alter v, and VIMg,,- Such an experiment would be
similar to the region-specific discrimination analysed by Clancy et al. (2024) in the context of
reshoring production. However, to avoid clutter, we leave this for further work.

18 As such, an increase in military employment does not have a direct effect on wages in other
sectors. Instead, there is only an indirect effect through the reduction in the amount of available
labour for the private sectors, including the defence sector. We could incorporate a direct effect
by adding search and matching frictions in the labour market, something previously implemented
in the EAGLE framework (Jacquinot et al., 2018). However, this would unnecessarily complicate
the model, without altering the qualitative findings. Nevertheless, because of the direct effect on
wages is missing, it is likely that the wage dynamics we uncover are at the lower end of possible
outcomes.
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Nut = Nurpt + Nt (25)

Guwe = (1+ 7)) (1 + wpr)w Ny, + + 91+ 7YY (1 + wpry)w; Ny . (26)

Military personnel come from the available pool of workers, and therefore an increase
in army recruitment reduces the availability of labour in the other sectors (including the
defence industry):

Ny = Npy+ Nyrt + Npt + Nagg, (27)

where N, is total labour, Ny;, Nyr4, and Np, are employment in the tradable, non-
tradable, and defence sectors respectively. From the above equation it is clear that, for
a given aggregate labour supply, any increase in military personnel will create a shortage
in other sector’s labour markets.'?

2.2.4 Dual-use investment

Government can invest in dual-use goods I ;, which accumulate in an analogous way as
private capital and form a stock of dual-use capital K ;:

Keir=1—-06¢)Kgi—1+ I (28)

where ¢ is the depreciation rate of dual-use capital. This capital has the property that
it enters as a non-rival production factor into the production functions of defence and
private sectors (see equations 7, 10 and 11). This can be interpreted as infrastructure
that can be used by both private and defence sectors, and we account for the fact that
this would be less important than typical government infrastructure investment when
we calibrate the model.

3 Calibration

We calibrate the model using a combined approach. First, we calibrate the parameters
in the constant-elasticity-of-substitution aggregators of final goods to match the Great
Ratios (i.e the shares of consumption, investment, government spending, imports and
exports to GDP) in the data. We do the same for bilateral import shares and for the
shares of re-exports. See Tables 5 and 7 in Appendix C for details. For the other
parameters governing the model dynamics, we use values that are standard in the
literature (Christoffel et al., 2008; Gomes et al., 2012). See Tables 6 and 8 in the same
appendix.

The novel part of the model is the effect of deterrence on economic decision making,
defence sector production and the associated transmission mechanisms, as well as the
inclusion of military personnel. We provide details on the calibration of these features in
Table 2 and focus the discussion here on these aspects.

19This would not be the case if labour supply is perfectly elastic, or if the increase in military
personnel occurs during an economic downturn and therefore reduced labour demand in other
sectors. Our calibration assumes we are not in these situations.
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A novel transmission channel in our model is the effect on households and firms
induced by reductions in the level of deterrence. We must first define what degree
of defence capability is “sufficient” to serve as a deterrent. To do so, we assume that
past military expenditure indicates a revealed preference for the necessary level of
capabilities. The average defence spending of Germany, the rest of the euro and the US
is 0.3%, 1.1% and 3.8% respectively between 2001-2024. As capability is the weighted
sum of these regions capabilities, we can compute the share of deterrence that this
level of expenditure provides. The US provides by far the largest share, at 78.3%, with
Germany providing 5.3% and the rest of the euro area accounting for 16.4% of total
defence capabilities.

As we described in Section 2.1.1, our calibration assumes that deterrence is
sufficiently high to have effectively no effect on economic behaviour in the steady state.
More specifically, we calibrate the probability of the capital stock being unaffected by an
attack (i.e. not being damaged) ¢;; as 0.9999.° The key element is to outline a plausible
response to a change in security risks. For something as intangible as deterrence, it is
likely that households ignore minor variations and would change their behaviour only
following a large fall below the desired level.

To calibrate the dynamic response of investment and consumption to a rise in
external security risks, we utilise evidence provided by the European Commission on
the worse-than-expected macroeconomic performance following Russia’s invasion of
the Ukraine (EC, 2025). They show that, compared to what was expected in the
Autumn 2021 forecasts, annual investment growth was on average two percentage
points lower in EU countries during 2022-2023. Consumption growth was just over
one p.p. lower. Indeed, all categories except for government consumption were below
pre-war expectations. Overall GDP fell by around two percentage points. Notably, as
captured by our deterrence functions, this effect is non-linear: countries with closer
proximity to the conflict fared worse.

The size of these effects are likely an upper bound for nations not actively involved
in a war, and an upper bound in terms of the effect of the level of deterrent, because the
shock includes a number of other channels. For example, a major factor in the economic
disruption was a large reliance on energy imports from Russia that is now substantially
reduced. In addition, any required adjustments following the imposition of sanctions and
other (trade and financial) restrictions are included. Therefore, we calibrate ¢, such
that the negative effects are only a fraction of those reported by (EC, 2025), and follow
the intuition that the response of investment should be stronger than the response of
consumption, for which we use the calibration of 1); = 2. Concretely, we pick these
numbers to calibrate the strength of responses so that a reduction in the US contribution
to European deterrence equivalent to 20 p.p. reduction in the share of the deterrent
provided by the US to Europe in the total European deterrent implies adrop in euro area
investment and consumption of approximately 0.3 p.p., so that the obtained responses
are at the lower end of the magnitudes reported in (EC, 2025). The responses are shown
in Figure 3. As calibrated, fluctuations in deterrent level itself play some, but not a crucial
role in determining economic fluctuations for our analysis.?*

20Recall that we could set this parameter to 1 would give us the standard investment equation.

21\We are acutely aware that the quantification of this channel has only weak empirical support
and may be controversial, which is why we keep it weak on purpose. This channel can be easily
strengthened or weakened within our framework simply by adjusting the calibration.
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We utilise information from the Stockholm International Peace Research Institute
(SIPRI) database to calibrate the level of government defence expenditure. Data for
calibration of the share of personnel employed in the armed forces (as percent of labour
force) comes from The Global Economy.?> Not all military expenditure is on equipment.
We assume that half of spending goes on this component, while the other half is for
other uses (including the payment of military personnel). In terms of the composition
of military personnel, we assume that armies in Europe and the US are fully professional,
while the share of conscripts in the RW is 50%.%°

Professional soldiers receive the steady-state average wage of the economy, plus (in
some jurisdictions) a wage premium. This premium is potentially significant. In the US,
for example, the recommended military wage must correspond to the 75th percentile
of comparable civilian pay (i.e. taking into account equivalent educational attainment).
Data on US military pay suggests that this premium is even higher than recommended,
at the 84th percentile of civilian pay on average in 2016 (see Hosek et al. (2018)).
To calibrate this premium, we first pin down total defence spending and differentiate
between expenditure on equipment and on personnel. We then match the number of
military personnel (as percent of the labour force). From this, we back out the military
wage premium to reconcile the share of defence spending on personnel and the number
of personnel.?*

We calibrate defence equipment production using standard values for the shares of
capital and labour (0.3 and 0.7). A novel aspect of the defence equipment production is
the R&D “byproduct” that it generates from knowledge generation. We assume that only
a small fraction of this production flows into the R&D stock. We set this value to 2%, in
line with COFOG data for Europe, where the share of R&D expenditure in total defence
spending is typically below 3% of defence expenditure. We assume the productivity of
the R&D stock is symmetric to that of the dual-use capital, which we set to 0.01, the
lower end of the typical values used in the literature analysing public investment. In
our calibration R&D depreciates in 10 years, in line with standard depreciation rates
in the literature. In contrasts, dual-use capital takes 25 years to depreciate, which is
the standard value used for structures. We verify the suitability of this calibration
by checking that the response of R&D to a defence expenditure increase matches the
pattern from the US reported in Antolin-Diaz and Surico (2025). This shows that there
is a persistent increase in output over a medium term following an initial increase in
defence-related R&D.

Defence capabilities, which serve as a deterrent to external security threats, depends
on the stock of military equipment, the number of military personnel and the level of

22The source is the website theglobaleconomy . com. The data we use from SIPRI are averages
from 2001-2020, i.e. before the Russian invasion of Ukraine and subsequent increase in defence
expenditure in many European countries. The data from The Global Economy are for 2020.

23 As noted in Section 2.2.3, conscripts only receive a fraction 9 of professional soldiers’ salary
as a subsistence payment. Therefore, a large(r) share of conscripts effectively represents a wage
discount for an average soldier. For example, a 50% share of conscripts is equivalent to military
personnel in aggregate receiving half of the average wage in the other sectors of the economy.

24About a third of defence spending in most countries is intermediate consumption or “other”,
which do not fit with either personnel or equipment spending. We allocate these items to the two
categories in the model, i.e., equipment and personnel, to maintain the proportion spent on these
two categories.
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dual-use capital goods. To account for the fact that such capabilities are typically more
capital-intensive, we set the share of capital at a higher level of 0.5.>°

For the calibration of the defence equipment spending allocation between
domestically produced and imported goods, we utilise data from SIPRI, which, to the best
of our knowledge, is the only consistent database on world trade in military equipment.
As the database relies on publicly reported trade, we consider this as a lower bound
(i.e. it is quite likely that there is unreported trade). Using this data, we calculate that
defence equipment trade accounted for around 0.25% of world GDP between 2001-
2020.¢ Defence equipment spending, however, is only a fraction of total defence
spending. In Europe, total defence spending is typically a bit over 1% of GDP and
defence investment spending it is typically around 20% of total defence spending, with
an additional 20% spending going for intermediate goods, and about half of defence
spending going for personnel. In line with this, we assume that half of defence spending
is spent on equipment.

As the share of spending on equipment is smaller than total defence spending,
and spending on personnel cannot be traded by definition, it must be the case that a
significant proportion of defence equipment is traded. Moreover, such trade is typically
among allied states (e.g., NATO countries purchase NATO-compatible equipment). To
account for this, we use historic defence equipment trade data from SIPRI to calibrate
both the level of trade (through the calibration of total arms exports shares in GDP) and
the bilateral arms trade linkages (through the share of arms imports from a particular
bloc of countries in the model). To do so, we had to transform the quantity-based
arms trade flows in the SIPRI database to value-based trade flows. We describe these
calculations, which represent a novelty of our analysis, in detail in Appendix B. We
provide the resulting trade matrix in Table 1. This makes the dominant role of the US
in bilateral arms trade clear, with all blocs of the model importing their largest share of
their arms from the US. We use these shares as targets to calibrate the model parameters
related to bilateral arms trade, which we report in Table 2.

TABLE 1. Shares of defence equipment imports from different regions

Country/bloc DE REA us RW

DE - 0.0839 0.0948 0.0205
REA 0.2025 - 0.1868 0.1088
us 0.6258 0.8153 - 0.8707
RW 0.1717 0.1008 0.7184 -

Notes: Source: SIPRI. Averages 2001-2020. Each column reports the share of imports of
country/bloc in the heading of the column, from countries/blocs in rows, in total arms imports
of the country/bloc in the column. Totals may not add up due to rounding.

25 Analysing the implications of a changing structure in the composition of defence capabilities
represents an interesting avenue for future research. For example, an emphasis on the use of
drones implies an even higher capital share.

25This is the annual average of global military equipment exports in current US dollars. We
calculate this using the same methodology as SIPRI used for 2022, divided by global output in
current US dollars (taken from the World Bank). Much of the post-2020 data are missing from
the dataset.
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For the elasticities of substitution between imported and domestically produced
defence equipment, we use a moderate value of 1.5 in line with Farugee et al. (2008).
We assume the same value for the elasticity of substitution between imported defence
equipment from various regions.

TABLE 2. Defence-related calibration

DE REA us RW
Defence spending

% of GDP 1.21 152 3.92 2.00
Share of spending on equipment 0.50 0.50 0.50 0.50
Military personnel

% of labour force 0.50 1.00 0.84 1.50
% share of conscripts 0 0 0 0.50
Defence equipment production

Share of capital, ap 0.30 0.30 0.30 0.30
Fraction of R&D generating knowledge, (p 0.02 0.02 0.02 0.02
Productivity of R&D, vp 0.01 0.01 0.01 0.01
Depreciation of R&D, 6 4 0.025 0.025 0.025 0.025
Depreciation of defence equipment 6 g 0.025 0025 0.025 0.025
Defence services production

Share of equipment, app 0.50 0.50 0.50 0.50

Defence equipment spending

Quasi-share of domestic defence equipment, v, 0.1483 0.0188 0.3276 0.0535
Elast. of sub. btw. domestic and imp. def. equip., i, 1.50 1.50 1.50 1.50
Quasi-share of bilateral def. equip. imports, vy,

..DE from... - 0.2111 0.6364 0.1543
..REA from... 0.0807 - 0.8284 0.0909
..US from... 0.0978 0.2090 - 0.6932
..RW from... 0.0194 0.8690 0.1116 -
Elast. of sub. btw. imported def. equip., uarc,, 1.50 1.50 1.50 1.50
Dual-use capital

Productivity of dual-use capital, ag 0.01 0.01 0.01 0.01
Depreciation of dual-use capital i 0.01 0.01 0.01 0.01
Damage function for investment

Slope of ¢ in the steady state ¢y 3.57 3.57 3.35 3.38
Sensitivity of ¢; to defence capabilities ¢; 2 2 2 2

Note: DE=Germany; REA=Rest of the euro area; US=United States; RW=Rest of world

We calibrate the delay between the payment for, and the delivery of, military
equipment to be three years. We base this on estimates for German and UK military
goods contained in Burilkov et al. (2025). We assume the speed of production is not
vastly different across producers, and use the same numbers for all blocs in the model.
In addition, we also calibrate the delay in the knowledge generation externality from
defence sector R&D and its transmission to other sectors to be two years. We base this
on the evidence in Antolin-Diaz and Surico (2025), where the productivity increase from
R&D investment only begins to occur after two years.

Dual-use goods are calibrated to account for the fact that these goods are typically
long-lived (e.g., infrastructure) and set d; to 0.01, which implies a 25-year lifespan of
such investments. Moreover, because they are by definition dual-use goods, they are less
productive than typical public infrastructure goods, which is why we set o t0 0.01, i.e,,
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lower than would typically be the case (and below the lower end of the range in Leeper
et al. (2010)).

4 Policy simulations

We utilise scenario analysis to examine the macroeconomic effects of changes in the
extent and composition of European defence capabilities. We start with what we see
as the impetus for the recent focus on this issue: a reduced contribution of the US to
European deterrence.?” Our baseline calibration sees the US account for almost 80% of
this. We estimate that compliance with NATO targets, whereby military spending in the
US and European NATO members will reach 5% of GDP per year by 2035, would reduce
this share to around 60%. This is the black line in Figure 2, with our calculation of the
share based on historical data represented by the full line and the projections based on
NATO target compliance displayed using the dashed line.

FIGURE 2. Share of European deterrence provided
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Source: Authors’ own calculations based on military expenditure data from SIPRI. Notes:
Assumed share of US (black line) and EA (blue line) contributions to European deterrence, and
the changes induced by compliance with the increased NATO military spending targets (dashed
lines).

We initially assume that there is no change in EA military spending to offset this fall in
defence capabilities. This allows us to explore the main mechanisms through which a

27In our model framework, this is equivalent to the US contribution staying the same but the
rest of the world bloc increasing their defence capabilities (i.e. an “arms race”). What matters is
that the level of European deterrence has decreased, not the source of the change.
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reduction in the US contribution to European deterrence affects the economy, without
the additional complications resulting from simultaneous improvements in European
capabilities.

We then assess how Europe can counteract this fall in the US contribution
to deterrence by boosting military capabilities through an increase in (i) defence
equipment, (ii) military personnel, and (iii) dual-use investments. We scale these
increases such that they fully offset the reduced level of deterrence provided by the US
(i.e. we return to a sufficient level of defence capabilities whereby security concerns
no longer play a role in economic decision making). This transition occurs gradually,
with almost all the change complete after ten years (i.e. broadly in line with NATO
commitments). As we solve our model using perfect foresight, all agents in the model are
fully aware of the paths these shocks will take.?® We assume that countries finance this
additional expenditure with debt issuance, with the fiscal rule ensuring that the debt-to-
GDP ratio returns to the 60% target in the long run.?’

4.1 Decreasing US contribution to European deterrence

We first analyse the effect of a fall in deterrence, induced by a permanent reduction in
the contribution of the US to European defence capabilities. We scale this such that the
share of the US contribution in total European defence deterrent falls by 20 p.p. This
amounts to approximately 40% reduction in the provision of defence deterrent of the
US to Europe. We display the results in Figure 3, with the shock shown in the top-left
panel.

Without a response by European policymakers to actively boost their contribution
to improved defence capabilities, security risk increases, which has a direct effect on
the probability that the current and future capital remains intact. That probability
decreases, which reads to a reduction in private investment. Reduction in private
investment, and a (small) fraction of capital being impaired mean that there will be less
capital available for production in the long run, and therefore less resources. This also
results in a negative effect on consumption. Note that the changes in the probability are
small, yet they still have sizeable effects. The main reason for strong effects is the very
strong effect of lower investment and impaired capital on the available resources in the
future.

In line with the reduction in aggregate demand, there is a (small) fall in inflation and
interest rate (the latter not shown to save space).

28The model is solved using a non-linear Newton-type algorithm in Dynare (see Adjemian et al.
(2011) for details).

290ur framework is sufficiently rich to allow us to analyse a range of different financing
options. We leave this important issue for future research, as there are a wide range of potential
options. Bolouri et al. (2025) find that individuals who value defence readiness tend to support
deficit-neutral financing, whereas those less in favour prefer increased debt.
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FIGURE 3. Permanent decrease in US contribution to European deterrence
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4.2 Increasing expenditure for defence equipment

We next examine the effects of a permanent increase in spending on defence equipment,
equivalent to the NATO-agreed increase to 3.5% of GDP in Europe. European countries
have historically spent about half of its defence budget on equipment and related
expenditure (which includes here intermediate goods and materials). This amounts to an
expenditure increase equivalent to 1.05 p.p. of ex-ante GDP from the current level. The
remainder is allocated to spending on personnel, which we analyse below. We display the
results in Figure 4 for real variables and in Figure 5 for nominal variables. In each figure
we show the results for two cases, one where the R&D externality is active (full black
lines) and one where the effect of the externality is negligible (red dashed lines).*° This
experiment is relevant because the literature shows some differences in this respect, as
Antolin-Diaz and Surico (2025) find sizable long-run effects from spending on military
R&D, while Federle et al. (2026) find no material TFP increase after a military spending
increase.

The path of the shock is in the top-left panel of Figure 4. This is the change in
defence equipment expenditure, expressed in percentage points of initial steady-state
GDP, which increases gradually and reaches its new level after ten years. This is a
direct government stimulus to output, which increases permanently by almost three

3OWe achieve this by setting the parameter vp to a very low number, 0.001, at which level the
stock of R&D has essentially no effect on production.
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percentage points. About one third of this increase is due to the effect of R&D (the
difference between the full black and dashed red lines in the top left panel), and an
additional third is due to the contribution of government value added, coming from the
depreciation of the (now larger) stock of military equipment. The latter matched the way
this economic “activity” is captured in the national accounts. However, it is not value
added that is available for private use. Because households know that debt-financed
increases in defence spending imply future higher taxes, private consumption falls. This
effect is stronger if the R&D externality is not present, because without it even less
resources are available for private use.

Along with the increase in the size of the defence industry (following the path of the
shock), the composition of output also sees a shift towards relatively more non-tradable
production. Importantly, without the R&D externality, private sector production does
not increase in the long run - in the final steady state, tradable private output falls by
0.2% and non-tradable private output increases by 0.1%). Therefore, the entire increase
in output is due to defence industry production and the national accounts entries for
government value added.

Defence capabilities are enhanced significantly, in line with importance of military
equipment in the provision of deterrence. This boost comes with a delay due to the
relatively lengthy built-in time to deliver military goods. Similarly, spillovers from the
increase in defence industry R&D occurs with a delay (when this effect is present).
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FIGURE 4. Permanent increase in defence equipment spending - real variables
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Notes: Responses to a permanent increase in euro area defence equipment spending to NATO-
agreed level, equivalent to an 1.05 p.p. of initial GDP increase. The responses are percent
deviations from initial steady state, except defence equipment spending, which is in percentage
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We present the changes in nominal variables from this defence equipment spending
increase in Figure 5. CPl inflation decreases slightly, but persistently, and the decrease
is larger when there is no R&D channel. There are four reasons for this decrease. First,
note that inflation is for consumption goods, i.e., it does not include the prices of military
equipment. These are included in GDP deflator, which increases slightly and persistently.

Second, a significant proportion of consumption goods is imported, and prices fall
on impact because of the appreciation of the euro exchange rate. This appreciation
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may be somewhat counterintuitive, because inflation falls and the interest rate in the
euro area falls with it despite the GDP increase, so that the interest rate in the euro
area is lower than in the US or the RW. However, note that this is a permanent shock
and recall that consumption falls permanently. We cannot - as it would typically be the
case in linearised models (see e.g. Gali (2020)) - ignore the change in the stochastic
discount factor in the household optimality conditions with respect to domestic and
foreign bonds.>' Because consumption falls, the stochastic discount factor increases,
which by the uncovered interest parity implies the nominal exchange rate appreciation
(and also real, as prices are sticky). This can happen even if the gap in nominal interest
rates goes in the opposite direction, as long as the movement in the stochastic discount
factor dominates the change in the interest rates.

Third, due to the local currency pricing, firms price their goods based on the situation
on the export markets, and since a large share of consumption goods in Europe is
imported, the fall of consumption in Europe causes a fall in demand for imported goods.
This induces exporters from the US and RW to reduce their prices of exports to Europe
in the medium run.

Fourth, marginal costs, which are the main driver of domestically-generated inflation,
increase only mildly and only in the short and medium run. This happens despite the
wage increase, and the reason is that the return on private capital falls, which offsets the
increase in wages in the short to medium run. When the R&D channel is active, wages
increase by more in the long run, but marginal costs fall nevertheless, because the stock
of R&D acts like a productivity shock that drives a wedge between wages and marginal
costs in the long run. When the R&D channel is not active (dashed red lines), wages
do not increase as much, while the return on private capital falls more strongly, which
largely offsets the effect of higher wages on marginal cost. These effects can clearly be
seeninthe path of non-tradable goods prices, which depend entirely on domestic factors.
The initial increase in marginal costs is initially carried into non-tradable goods prices,
but at a dampened scale (recall that firms set prices by looking at current and future
marginal costs). In the short to medium run, it does not matter much whether the R&D
channel is present or not. In the longer run, when the accumulated R&D has its largest
effect on productivity, non-tradable goods prices fall. If this effect is not present, they
increase, but by a tiny amount. However, in this case the movement of the real exchange
rate dampens the transmission of the increase in domestic prices to inflation.

31The optimality condition for domestic bonds in Europe is 1 = Rtﬁ%ﬁl(l’[atﬂ)_l and
H,US ’
for foreign bonds is 1 = RYS(1 — Ff*)ﬁ%?;bs (cy41)~ Y, where A, is the marginal
’ t

utility of Ricardian households, R; is the domestic (euro area) interest rate and R?S is the US
interest rate, IIc ;41 is expected inflation, S{J’US is the EUR/USD exchange rate, and FtB* is

the adjustment cost to stabilise the net foreign assets. Combining these two equations yields
SH,US

6/\[’\’;? (Mepg1)t [Rt — RYS(1 - FtB*)StHf%]S = 0, which is the counterpart of equation 3 in Gali
’ t

(2020) in our model. From this equation one can clearly see that for a permanent shock that
changes the steady state the role of the movements in the stochastic discount factor for the
exchange rate determination cannot be ignored.
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FIGURE 5. Permanent increase in defence equipment spending - nominal variables

CPl inflation GDP deflator
0 T 0.1 T
-
1 - 0.05
-
-0.05 - ]
-~
| - 0
~ 4
;-
0.1 ‘ : : -0.05 ‘ : :
0 50 100 150 200 0 50 100 150 200
Marginal cost Wages
0.15 T T T 1.5 T

0 50 100 150 200 0 50 100 150 200
05 Return on capital Real eff. exc. rate
0 ] -
L\ |
-0.5 \ _ - - =~ ]
N -
1 S =2 T |
0 50 100 150 200 0 50 100 150 200

0.05

0
0 50 100 150 200 0 50 100 150 200

== ncrease in mil. equipment spending == == :Increase in mil. equip. spend. with ~,=0.001

Notes: Responses to a permanent increase in defence equipment spending in the euro area to
NATO-agreed level, equivalent to an 1.05 p.p. increase. The responses are percent deviations
from initial steady state, except CPl inflation, which is in percentage point deviations from trend.

International spillovers from increased defence equipment spending are small, even
with the R&D channel active, and we discuss these briefly in Appendix F.

4.3 Increasing military personnel

Defence equipment is not useful without (well-trained) military personnel to operate
it. While the initial focus of the policy discussions largely emphasised expenditure
targets, NATO members have been less explicit regarding the potential size of increases
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in their armed forces. We next examine the macroeconomic implications of adjusting
the number of military personnel. We scale this increase so that it accounts for the
remainder of the increase of defence spending that is missing after increasing defence
equipment spending to bring the overall level to 3.5% of GDP. After accounting for the
wages paid to armed forces, this implies an increase in personnel by 38.2% in the REA
and by 73.5% in Germany.*?

Governments can increase the size of their armed forces in two ways: by hiring
a professional army, or through conscription of (segments of) the general population.
There are different macroeconomic implications from these choices. Public-sector
employment (i.e. armed forces composed of professional recruits) affects GDP via
expenditure on employees’ wages, which increases government value added. However,
conscription generally involves below-market payment, or in some cases no payment
at all, for labour services provided. Currently, almost all militaries in Europe are
professional, but a move to conscription is nevertheless a plausible option. We
investigate this by running two simulations. The benchmark simulation, shown in full
black lines in Figures 6 and 7, assumes that the military personnel is paid competitive
wage.®® The alternative simulation, shown in dashed red lines, assumes that countries
move to partial conscription - in particular, that the increase in military personnel is
achieved by simultaneously moving to 80% of conscription gradually over ten years (we
assume that the remaining 20% of personnel is hired as professional army).>

Figure 6 shows the effect of military personnel increase on real-economy variables.
The increase in military personnel is significant, amounting to somewhat over 40%
increase on average in the euro area. This increase crowds-out labour from the private
sector, which happens despite the decrease in consumption which, everything else equal,
would increase labour supply. There is a mild increase in output, but this is entirely due
to the government value added, as output without this component falls. In the private
sector, both tradable and non-tradable output decline. Investment initially increases to
substitute for the fall in labour, but investment falls in the long run.

Because government value added critically depends on wage expenditure for the
military personnel, the case with conscription shown in red dashed lines has negative
effects even on output that includes government value added. The latter falls
significantly in the case with (partial) conscription, because the government saves on
the (gross) wage bill of the military personnel. The consequence of this is that it does
not have to raise as much taxes in the future, which households internalise by reducing
consumption by less when there is conscription. This happens despite the fact that the
average military personnel receives much lower wages, as 75% of households in the
model are Ricardian, so they can smooth their consumption using assets and income (and
they know that the reduction in wage income will be compensated by the reduction in
taxes).

32Army sizes as a proportion of the total population differ significantly across Europe, and
so does the split between equipment and personnel spending, with German military personnel
accounting for about 0.5% of population and other countries closer to 1%.

33Because we simulate a permanent shock, wages change, and we assume that military wages
follow the long-run movement in private wages.

34This is equivalent to assuming that all additional personnel is hired by conscription, but is
paid 20% subsistence payment.
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Anincrease in military personnel implies a boost to defence capability and therefore
deterrence.

FIGURE 6. Permanent increase in personnel - real variables
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are percent deviations from initial steady state.

Figure 7 shows the effects of military personnel increase on nominal variables.
Wages increase because the demand for labour increases by more than supply of labour.
There is an accompanying decrease in the return on capital, which alleviates the effect
of wage increase on marginal costs and inflation. Inflation falls because of the euro
appreciation, which, together with the lower domestic demand, is having a negative
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effects on import prices. Domestic prices, as proxied by non-tradable goods prices,
increase mildly.

The effects on nominal variables differ depending whether there is conscription or
not. With conscription, CPI inflation increases mildly. This is explained by a lower (and
slower) exchange rate appreciation compared to the case without conscription. Marginal
costs do not differ much between the two cases, but their composition does. In the case
with conscription, wages increase by much less than in the case without, and the return
on capital falls by much less than in the case without conscription. The reason behind
the lower increase in wages with conscription is the lower fall in consumption, which
means that labour supply increases by less than in the case without conscription. But
less labour supply also implies that investment in capital becomes less attractive and
price of investment goods (which determines the return on capital) falls by less than
in the case without conscription. The resulting decline in investment further reduces
aggregate demand and output in the short run.
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FIGURE 7. Permanent increase in personnel - nominal variables
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4.4 Increasing dual-use investment

Investing in technology and infrastructure that has both a civilian and a military use is
a key component of the updated NATO expenditure targets. We simulate an increase
in dual-use investment increase that is equivalent to the NATO-agreed targets, which
amounts to a permanent increase in dual-use investment of 0.9 p.p. of ex-ante GDP
in the euro area. The results are shown in Figures 8 and 9. We show two cases, the
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benchmark case with productive dual-use investment (full black line) and an alternative
case, where dual-use investment is not productive (or its productivity is negligible), so
that it resembles a standard government consumption spending shock typically analysed
in the literature.

Figure 8 shows the results for the variables related to the real economy. The increase
in dual-use investment leads to an increase in economic activity for two reasons. First,
it increases demand for investment goods by the government, and second, if public
capital stock has a productivity externality on private sectors (which happens when
ag is larger), it acts as a productivity shock that can increase aggregate resources. It
turns out that the increase in output is about the same as the increase in government
spending on investment, regardless of whether this is measured by including or excluding
government value added, as this is relatively small compared to other components of
output.

An increase in dual-use investment crowds-out private consumption, as households
expect higher tax burden in the future to finance government investment. Because
households’ consumption falls, they supply more labour, in order to prevent an even
stronger fall in consumption. In order to keep the capital-labour ratio, firms also demand
more capital, leading to an increase in investment. Output composition changes in
favour of non-tradable goods because government investment is fully biased towards
non-tradables. In the longer run this takes resources from tradable sector, whose output
declines in the long run. Because dual-use investment plays a role in defence, there
is a small increase in defence capability, but this increase is very small compared to
the increases seen when government spending is focused on military equipment or
personnel.

There is relatively little role for the productivity of dual-use investment, i.e., black
and dashed red lines lie relatively close together. If dual-use investment has little or
no externalities in terms of productivity, the long run the increase in output is smaller,
crowding-out of consumption is stronger, the increase in non-tradable output is smaller
and the fall in tradable output is stronger.
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FIGURE 8. Permanent increase in dual-use investment spending - real variables
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NATO-agreed level, equivalent to a 0.9 p.p. increase. The responses are percent deviations from
initial steady state, except dual-use investment spending, which is in percentage point deviations
from initial GDP.

Figure 9 shows the effects of dual-use investment increase on nominal variables. As
in previous simulations, there is a fall in CPI inflation, caused by the euro appreciation
and a reduction in demand for imports that lowers import prices in the short and long
run. GDP deflator increases in the short run, but the change is small. Marginal costs
of firms increase mildly, but the increase is not enough to offset the fall in import prices.
Similarly as for the R&D effects in the case of government spending on equipment, higher
productivity of dual-use investment allows for a stronger increase in wages in the longer
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run without the stronger increase in marginal costs. When this channel of productivity of
dual-use investment is not operational, the stronger decline in the return on capital and a
lower increase in wages jointly prevent a strong increase in marginal costs and therefore
domestic inflation.
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FIGURE 9. Permanent increase in dual-use investment spending - nominal variables
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4.5 The entire policy package

The agreement by the NATO on defence spending stipulates that all measures discussed
above in isolation will be implemented jointly. This section analyses the entire
policy package agreed, i.e., the increase in equipment spending, the increase in
military personnel and in dual-use investment, along with the assumption that the US
contribution to the European defence will shrink (as discussed in Section 4.1). As when
examining these shocks individually, we will also here examine the sensitivity of results
to some of the key assumptions regarding R&D, productivity of public investment, and
conscription.

The results of the full policy package implementation are shown in Figures 10 and
11. The full black line shows the benchmark case that assumes some productivity
spillovers from R&D and from productive public investment. The dashed red line shows
the alternative, where the contribution of R&D and productivity of public investment
are switched off. Finally, the dotted blue line shows the case that is identical to
the benchmark, but with the transition to (partial) conscription instead of the fully
professional army.

Figure 10 shows the effect of the full policy package on real variables. In all
cases there is a small fall in output in the short run, followed by a significant increase.
Private consumption increases initially due to the monetary stimulus in response to
lower inflation, but decreases materially in the longer run. Labour first decreases, but
increases mildly in the long run. Government value added contributes almost half of the
increase in output in the long run, while private output reallocates towards non-tradable
output in the long run. The latter is partly due to the full bias of dual-use investment
towards non-tradable output. There is a significant increase in private investment over
the short and medium run, driven by the increased demand for capital for production,
which comes from the shortage of the availability of labour, especially in the short
run. European defence capabilities almost double, but if the US retracts part of its
defence capability provisions (recall that we assumed initially that this provision will
decrease by 20 percentage points of its initial contribution), the NATO-agreed increases
indefence spendingin Europe will just suffice to maintain approximately unchanged level
of defence capabilities in the long run.®”

35This is why we assumed - admittedly somewhat arbitrary - that the US will decrease its
defence provision to Europe by 20 p.p. of its initial contribution.

36



FIGURE 10. Full policy package - real variables
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Figure 11 shows the responses of nominal variables. Both CPI inflation and GDP
deflator fall persistently due to the decline in marginal costs, which is driven by the
decline in the return on capital, driven in turn by the decline in the price of investment
goods. While wages increase due to the shortage of labour, this is not sufficient to offset
the decrease in the return on capital, which results in a persistent decrease in marginal
costs and therefore prices (this effect is most visible in non-tradable goods prices, which
depend on domestic conditions). When the full policy package is implemented jointly,
the real effective exchange rate depreciates, which is caused by monetary policy easing
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in Europe, driven by the fall in inflation. The decrease in the interest rate in this case
is strong enough to even mildly increase consumption on impact, so that the stochastic
discount factor falls initially, which now works in the same direction as the interest rate
differential and leads to euro depreciation, unlike in the cases where we considered
defence spending components in isolation. Te depreciation in the euro increases import
prices, but the increase is not sufficiently strong to offset the decrease in non-tradable
goods prices.

FIGURE 11. Full policy package - nominal variables
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Variations in R&D expenditure and in the productivity of dual-use investment are to
some extent important, but do not modify the overall results materially. Overall, we see a
material restructuring of the economy from private-use production to government-use
production and government value added. The overall result is not welfare improving in
the sense that households consume less and work more in the longer run.

5 Temporary increase in defence expenditure

So far we analysed a permanent shift to an elevated level of defence spending,
i.e., a transition to a new steady state. However, it may happen that increased
defence spending will at some point be reversed, as it has negative effects on private
consumption (and, more broadly, on private welfare, since typically we see both a fall in
private consumption and an increase in labour). To address this possibility - and, more
importantly, to highlight the channels of transmission - this section investigates a 5-year
increase in defence spending for the three categories considered in the main body of the
paper. Specifically, there is an immediate increase of each category to the NATO-agreed
level, which lasts 5 years and then returns to the current level. The results are shown in
Figure 12 for real variables and in Figure 13 for nominal variables.

The responses of real variables in Figure 12 are qualitatively mostly in line with the
observed responses to permanent shocks, at least in the short run: Output increases
and the increase is in part due to the government value added (which is fully the case
when there is a personnel increase). There is crowding-out of private consumption
that is often long-lasting (consumption responses are quite persistent due to habit
formation). Output composition changes towards less tradable and more non-tradable
output (especially for dual-use investment, which has full home bias).
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FIGURE 12. Temporary shocks - real variables
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by 100.

The main difference compared to permanent shocks comes from the response of
CPl inflation, shown in the top-left panel of Figure 13. Unlike after a permanent shock,
inflation increases after atemporary shock, and the increase is persistent (which is partly
due to indexation). Real exchange rate still appreciates on impact, but then quickly starts
reverting to its initial level or even depreciates slightly, rather than staying permanently
at an appreciated level. In contrast to the permanent shock, marginal costs now increase
materially over the short run and this dominates the effect of the real exchange rate
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appreciation and falling import prices. The increase in marginal costs is now caused
mostly by the strong and persistent increase in the return on capital and partly by the
increase in wages in the short run.

To better understand the differences between a permanent and a temporary shock it
is useful to look at Figure 14, which contrasts the effect of permanent and of temporary
shock for some of the main variables that determine the exchange rate and return
on capital (to avoid clutter, we show this only for the case of an increase in military
equipment expenditure).>® First note that in the case of the temporary shock, the
exchange rate appreciation in the euro area is caused by by the increase in the interest
rate (rather than by the movement in the stochastic discount factor (SDF), as is the case
for permanent shock). There is also a material difference in the responses of the return of
capital, which increases strongly in the case of a temporary shock, as rising interest rates
induce first a fall, and then the increasing path of Tobin’s g and the price of investment
goods (in the permanent shock case, the paths of these variables are falling after the
initial increase).

36The path of consumption differs markedly between permanent and temporary shocks. In the
case of the permanent shock, consumption typically declines initially and keeps declining to the
lower level, while in the case of a temporary shock it declines initially and then keeps rising to the
initial level.
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FIGURE 13. Temporary shocks - nominal variables
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6 Concluding remarks

For decades, European firms and households did not have to factor external security
risks into their decision making. This may change in the coming years due to combination
of arise in these threats and a reduction in the US contribution to European deterrence.
In view of this, the NATO members have agreed on a number of measures to improve
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the defence and security situation. These measures involve a number of government
spending targets, which are not necessarily comparable with the government spending-
that is used in standard macroeconomic models. In this paper we develop a modelling
framework that allows us to explore the effects of different policy measures agreed by
the NATO members and their economic implications.

We show how adecrease in deterrence, induced by a reductionin the US contribution
to European defence capabilities, can lead to a drop in all forms of economic activity.
This is through the negative effect of increased security risk on private investment
and consumption decisions. In contrast, enhancing European defence capabilities
boosts aggregate output (GDP). This is through increased defence industry production,
government value added due to higher military employment and increased depreciation
of military equipment (both of which count as GDP in the National Accounts). However,
in all cases resources available for private use decline because labour and capital used for
military purposes cannot be utilised for other (private) purposes. The negative effects on
the private economy can be somewhat alleviated if spending on military equipment can
generate technological spillovers to the rest of the economy and if dual-use investment
is productive when used in private sectors.

Our analysis is preliminary, and focuses on illustrating the main transmission
channels from our framework. Future work could use our rich modelling structure
to delve deeper into the various issues facing policymakers. For example, we could
explore the macroeconomic implications of how governments will finance this additional
expenditure. The large debt stock of many European countries means that tax increases
and/or expenditure cuts may be necessary. We could examine the role of the US in
developing European defence capabilities and the trade-offs inherent in lesser or greater
coordination. Or the attractiveness of the wage conscripts, or professional recruits,
receive.

Our framework can also incorporate the inclusion of an additional small open
economy with minimal impact on euro area aggregates (i.e. most European countries).
This would allow us to explore the spillovers from coordinated and differential national
policies.
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A Dataused for the calibration of defence spending

One of the contributions of our analysis is our construction of arelatively long time series
on military equipment (i.e. arms) trade that we use for the calibration of the model,
in particular the imports and exports of arms. To do this, we have relied on data in
the Arms Transfers Database collected by the Stockholm International Peace Research
Institute (SIPRI). The creators of this database note that it was “not developed to assess
the financial value of the international arms trade; rather, the trend-indicator value
(TIV) data ... is designed to serve as an indicator of the volume of military equipment
transferred in the world” (SIPRI, 2025). However, the calibration of our model (and, we
suspect, empirical analysis of this data) requires a transformation of this volume index
into financial value terms. SIPRI does provide an estimate of the financial value of the
global arms trade, using the aforementioned database and a set of assumptions and
approximations.®’

Their estimate, however, is only for the year 2022. As we cannot ascertain if 2022
is an outlier, a point at a peak or perhaps at a trough of the cycle, we need to construct a
longer time series. Therefore, we used the current-dollar values of arms trade from 2001
(when the data on arms transfers in current USD start) to 2020 (the beginning of Covid
and subsequent disruptions in global trade), and apply the methodology SIPRI used in
making the 2022 estimate. We summarise this methodology below. The SIPRI makes
the following assumptions when calculating the value of the global arms trade (parts of
the text below we repeat verbatim from SIPRI):

= Where available, use figures for export deliveries for the current year.

= |f export deliveries are not available for the current year, use the figures for arms
export deliveries from the previous year.

= |f neither of the above are available, use the full figure for arms export agreements,
or orders from the previous year, if available.®®

= |[f none of the above are available, half of the figure for “arms export licences” in the
current year is used, if available.

= For Canada, SIPRI has doubled the figures for arms export deliveries for 2022, as
these excluded deliveries to the US, which, according to the Canadian government,
account for more than half of exports of military technology. We have used the
same principle for the entire sample.*’

= For Germany, we used export-license based estimates even though Germany
reports arms export deliveries. This is because the latter only include deliveries
of “war weapons”, which is a much more limited category.

3/This is available from
https://www.sipri.org/databases/financial-value-global-arms-trade

38SIPRI consider this a good indicator, based on past cases where countries have released data
on both arms export deliveries and arms export agreements.

39As Canada is a relatively small exporter of arms, this adjustment has no meaningful impact
on the value of the global arms trade.
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In addition, some of the values in SIPRI data are reported as < X’ or > X, where X
is some number. In such cases, we took half of X where the number reported was in the
format < X, and the full value of X where the number reported was in the format > X.
Where the data are not available, we set the value to zero. We consider the numbers
obtained in this way a conservative estimate of the actual arms exports. However, there
are as plausible an estimate as are possible with the available data and thus not a result
of amore or less arbitrary speculation regarding the extent of the arms trade. It is worth
noting that our estimates are remarkably stable over time, when computed as a share
of world GDP. We believe that this indicates, that despite omissions in some years, our
estimated time series is not greatly affected by these omissions.
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B Arms trade matrix

An important feature in our model, and in real life given the recent focus on strategic
autonomy, is trade in arms. However, the data on such flows required to calibrate our
model are not directly available. The only consistent dataset on bilateral arms trade
flows is SIPRI's Arms transfers database. We use this database, along with the estimated
financial value of arms trade described above, to quantify the bilateral arms trade flows.
Here we describe in detail the necessary steps we took to achieve this.

SIPRI’'s Arms transfers database provides data on quantities of bilateral arms
transfers. These are not values, but indices of quantity (TIV - trend-indicator value),
designed to indicate the volume of arms transfers.*°. We first compute these quantities
on a bilateral basis for all blocs of the model. Because two of the blocs represent groups
of countries (the rest of the euro area and the rest of the world), we must exclude
intra-bloc arms trade.*’ We then calculate the bilateral arms flows between the blocs.
Although this provides us with the bilateral shares in total arms imports, it is in terms of
quantity shares.

As quantity shares do not account for different prices or quality of arms, we must
correct for this deficiency. First, we note that in terms of quantities, US arms exports in
the period 2001-2020 averaged 32.3% of global arms exports. However, in value terms
they were 69.2%.%> This implies that the price of US arms exports more than double the
average price of global arms exports, highlighting the need to make these adjustments.
We follow the same procedure for the other blocs in our model and report the results in
Table 4.

TABLE 4. Relative prices of arms exports

Country/bloc  Share in quantity terms Share invalue terms Implied relative price

DE 6.6 20 0.35
REA 14.9 7.9 0.54
us 32.3 69.2 2.18
RW 46.1 20.8 0.47

Notes: Source: SIPRI. Averages 2001-2020, the aggregate price is normalised to one. Totals may
not add up due to rounding.

We use the resulting relative prices to multiply the bilateral quantity shares, which
gives us the bilateral arms trade matrix reported in Table 1 in the main text. This table
is to be read by columns. For example, the second column (DE) reports that the share of
arms imports from the REA in the total arms imports of Germany is 20.25%, the share of
arms imports from the US is 62.58%, and the share of arms imports from RW is 17.17%.
The reported numbers are the averages for the period 2001-2020, consistent with the
period used to estimate the total value of arms trade reported above. The import shares
in this table are targets that we match by calibrating the parameters of the arms imports
aggregators.

40The interested reader can find more information on this in SIPRI (2025)
“IWe include Denmark in the REA, as its currency is irrevocably pegged to the euro.

42\We compute these numbers based on total arms trade, i.e., we do not exclude bilateral arms
trade within the REA and RW bloc.
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InFigures 16 to 18 we demonstrate that the shares of arms trade are relatively stable
over time. This is especially the case for the three larger blocs. The main trading partner
is the US (and for the US, it is the RW). This is in line with the numbers provided by The
Global Economy, where the US accounts for about 70% of global arms exports in the
period from 2001-2020.
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FIGURE 15. Bilateral shares of REA arms imports
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FIGURE 16. Bilateral shares of DE arms imports
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FIGURE 17. Bilateral shares of RW arms imports
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FIGURE 18. Bilateral shares of US arms imports
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C Calibration tables

TABLE 5. Steady-State National Accounts (Ratio to GDP, %)

DE REA us RW
Domestic demand

Private consumption 469 564 66.1 549
Private investment 16.25 1741 17.20 19.25
Public consumption 18.80 23.00 19.40 20.60
Public investment 3.0 3.0 3.0 3.0
Trade

Imports (total) 757 235 138 9.3
Imports of consumption goods 292 12.7 9.5 3.9
Imports of investment goods 9.6 44 3.0 2.4
Imports of exports 37.0 6.4 1.3 24
Net foreign assets (ratio to annual GDP) -20.0 -0.1 - -3.0
Share of world GDP 0.026 1644 226 60.7

Note: DE=Germany; REA=Rest of the euro area; US=United States; RW=Rest of world

D Implementation of permanent shocks

In the paper, unless stated otherwise, we study the effect of permanent shocks, i.e., a
transition from the initial to the final steady state. We do so by first calibrating the
model to match the initial, pre-policy-change steady state, as discussed in the calibration
section. Then, we change the exogenous variables that are changed by policy measures,
and we treat all other parameters as deep parameters (i.e., we do not recalibrate change
them). This implies that all the quasi-shares and technological parameters after the
policy change remain the same as before the policy change. The Great Ratios, prices,
etc. are left to change endogenously. The only exceptions to this are fixed cost and the
fiscal rule, as we describe below.

The fiscal rule stabilises the debt-to-GDP ratio in the steady state at 60% of annual
GDP by levying lump-sum taxes on Ricardian households (this is the most neutral tax
measure). Because we assume that the defence spending (of all types) is debt-financed,
we adjust the level of lump-sum taxes in the final (post-policy-change) steady state so
that the debt-to-GDP remains at 60%.

Fixed costs in production, ¢/, 1y and 1y (see equations 7, 10, and 11) are set so that
profits are zero in the steady state, consistent with the notion that there should be no
free entry of firms in the steady state. We keep this convention also in the final steady
state and gradually adjust the fixed costs to the new post-policy-change steady state.

Because we have a transition between two steady states, the level of output and
relative prices change. This raises an issue of how the potential output should be
computed, concretely, at which prices should GDP components from various sectors
be added together to compute the aggregate output. To address this issue, we follow
Coenen et al. (2024) and assume that prices used to compute potential GDP move
gradually to new level following an AR(1) process with the persistence of 0.98. Similarly,
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TABLE 6. Calibration of households and firms

DE REA us RW

Households

Discount factor (5) 0.9975 0.9975 0.9975 0.9975
Intertemporal elasticity of substitution (o) 2.00 2.00 2.00 2.00
Habit persistence (k) 0.6 0.6 0.6 0.6
Capital depreciation rate (§%) 0.025 0.025 0.025 0.025
Share of non-Ricardian households (w) 0.25 0.25 0.25 0.25
Interm.-good firms (trad. and non-trad. sectors)

Subst. btw. labour and capital 1.00 1.00 1.00 1.00
Bias towards capital - tradables (ar) 0.30 0.30 0.30 0.30
Bias towards capital - non-tradables (ay) 0.30 0.30 0.30 0.30
Production - labour services (ay) 0.99 0.99 0.99 0.99

Final consumption-good firms
Subst. btw. domestic and imported trad. goods (u7¢) 2.50 2.50 2.50 2.50

Bias towards domestic tradable goods (vr¢) 0.29 0.46 0.62 0.69
Subst. btw. tradables and non-tradables (y¢) 0.50 0.50 0.50 0.50
Bias towards tradable goods (v¢) 0.80 0.45 0.35 0.35
Bilat. bias towards imported goods, Home (vy,¢) - 0.26 0.11 0.63
Bilat. bias towards imported goods, REA (v;¢) 0.08 - 0.10 0.82
Bilat. bias towards imported goods, US (vy¢) 0.04 0.13 - 0.83
Bilat. bias towards imported goods, RW (v¢) 0.04 0.61 0.35

Substitution btw. consumption good imports (u;a¢) 2.50 2.50 2.50 2.50
Final investment-good firms
Subst. btw. domestic and imported trad. goods (u7;) 2.50 2.50 2.50 2.50

Bias towards domestic tradable goods (vr;) 0.40 0.76 0.71 0.56
Substitution btw. tradables and non-tradables (1) 0.50 0.50 0.50 0.50
Bias towards tradable goods (v;) 0.80 0.75 0.75 0.75
Bilat. bias towards imported goods, Home (v,/) - 0.18 0.42 0.40
Bilat. bias towards imported goods, REA (vy;;) 0.04 - 0.23 0.73
Bilat. bias towards imported goods, US (v,;) 0.05 0.17 - 0.78
Bilat. bias towards imported goods, RW (v,,1) 0.01 0.53 0.46 -

Substitution btw. investment good imports (17) 2.50 2.50 2.50 2.50

Reexported goods

Subst. btw. dom. tradables and imported exports (nx)  1.50 1.50 1.50 1.50
Bias towards domestic tradable goods in exports (vx)  0.50 0.62 0.82 0.63
Bilat. bias towards imported goods, Home (v, x) - 0.25 0.19 0.56
Bilat. bias towards imported goods, REA (v, x) 0.08

- 0.13 0.79
Bilat. bias towards imported goods, US (v, x) 0.06 0.14 - 0.80
Bilat. bias towards imported goods, RW (v, x) 0.03 0.58 0.38 -
Substitution btw. goods in import bundle (y/x) 2.50 2.50 2.50 2.50

Note: DE=Germany; REA=Rest of euro area; US=United States; RW=Rest of world
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TABLE 7. International Linkages (Trade Matrix, Share of Domestic GDP, %)

DE REA US RW
Consumption-good imports
Total consumption good imports 29.2 127 9.5 3.9

From partner

DE - 05 02 01
REA 6.4 - 10 24
UsS 28 10 - 14
RW 200 112 83 -

Investment-good imports
Total investment good imports 96 44 30 24

From partner

DE - 0.08 0.01 0.01
REA 1.6 - 05 13
U 35 038 - 1.1
RW 45 35 25 -
Imports of exports

Total imports of exports 370 64 13 24
From partner

DE - 0.25 0.00 0.06
REA 7.8 - 02 1.2
U 6.2 0.7 - 1.2
RW 230 54 11 -

Note: DE=Germany; REA=Rest of the euro area; US=United States; RW=Rest of world

TABLE 8. Price markups (elasticities of substitution)

Tradables (67) Non-tradables (6y) Imports of exports (6x)

DE 1.20(6.0) 1.50(3.0) 1.30(4.3)
REA 1.20(6.0) 1.50(3.0) 1.30(4.3)
us 1.20(6.0) 1.28(4.6) 1.20(6.0)
RW 1.20(6.0) 1.28(4.6) 1.20(6.0)

Note: DE=Germany; REA=Rest of the euro area; US=United States; RW=Rest of world
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we follow Coenen et al. (2024) and use the deviation of quarterly real GDP growth from
potential growth in the monetary policy rule.

E Asymmetry indeterrence

In the main text, we mention the asymmetry of the function shown in Figure 1, which
arises from equations 4. This asymmetry is important because it implies that increases
in the amount of deterrent will have diminishing effects, because the function in Figure
1 becomes increasingly flat as the level of deterrent increases. Here we show that this is
indeed the case by plotting two cases in Figure 19. The first case, shown in full black lines,
is the negative of the US decrease in provision of deterrent to Europe (this is identical
to the lines shown in Figure 3, multiplied by -1). The second case, shown in dashed red
lines, is an identical shock, with an identical path, just that its signis reversed, i.e., the US
increases its provision of deterrent to Europe. The shock size and path are therefore
identical, just with opposite signs, and after multiplying the decrease in US deterrent
with -1 the trajectories of both shock lie on top of each other, as shown in the top-left
panel in Figure 19. The paths of other variables, however, are not identical. In particular,
the effects of an increase (shown in dashed red lines) are smaller than the effects of the
decrease (multiplied by -1). The reason is that an increase moves the economy towards
the flatter part of the S-shaped curve shown in Figure 1, which results in smaller effects
than the move in the opposite direction, which would bring the economy towards a
steeper part of the curve. It is this asymmetry that allows us to argue that an ever-
increasing provision of deterrents is not a good idea, as its effects will become negligible.
This explains why countries do not invest in defence deterrents beyond certain level, and
why an ever-increasing investment in defence deterrents is not an optimal choice.
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FIGURE 19. Asymmetry in deterrence effects
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Notes: Euro area responses to a negative of a permanent decrease in the share of the US
contribution to European deterrence by 20 p.p., along with the identically-sized increase. The
responses are percent deviations from initial steady state, except the probability and inflation
(annualised), which are in percentage point deviations.

F International spillovers

While the focus of our paper is not on international spillovers, the model itself does
incorporate the fact that these spillovers exist, both between the euro area and the US
and RW, and within the euro area blocs. To illustrate this issue, we focus on military
equipment spending in Europe, which, due to a large import-content of this spending,
affects somewhat the US variables. This is in particular the case if the R&D channel
in the model is active, as a significant import content of European military equipment
is imported from the US (see Table 2), which means that the R&D benefits of such
purchases in Europe accrue to a large extent to the US. Figure 20 shows the effect of
such policy on some of the main US variables. The spillovers are very small, despite the
substantial increase in military equipment exports to Europe. Over the long run, US GDP
increases by about 0.02% and the R&D stock by about 0.4%. Both of these reflect in large
part the fact that the (official) global arms trade is relatively small compared to private
trade, and that even a large increase of a small component of trade (i.e., military exports
to EA) and the associated R&D spillovers do not play a material role. Note also that the
responses are very similar in both cases shown, with high productivity of R&D (black line)
or with this channel shut down (red dashed line). The only difference in the long run is
that GDP increases somewhat more if the R&D is more productive.
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FIGURE 20. Permanent increase in euro area defence equipment spending, spillovers to

the US
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Notes: Responses to a permanent increase in defence equipment spending in the euro area. The
responses are percent deviations from initial steady state, except inflation, which is in annualised
percentage point deviations.
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